In the course of investigating the effects of alcoholt on the liver of the rat it was found that alcohol increased the choline requirement, an effect that was independent of changes in food consumption or caloric intake.1" To explore the possibility that alcohol induced a relative deficiency of choline by altering some aspect of protein metabolism, an investigation of the effects of alcohol on nitrogen balance was undertaken, the results of which are the subject of this report.
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Although the rat has been used extensively to investigate the metabolism and nutritional value of alcohol, surprisingly few studies in this species have dealt with the problem of the effects of alcohol on nitrogen metabolism. Mitchell? observed that rats maintained on a liberal milk diet and given supplements of alcohol for a period of 42 days had a significantly higher carcass content of nitrogen than pair-fed unsupplemented controls. From this he concluded that the energy of alcohol is to a large extent available "for physiological purposes" and, thus, promotes growth and nitrogen retention. Although alcohol appeared to facilitate the digestion and absorption of dietary protein in these experiments, since it reduced losses of nitrogen in the feces, the calculated amount of nitrogen thus gained constituted only a small fraction of the extra nitrogen recovered in the carcass, so that it must be assumed that alcohol also reduced losses of nitrogen in the urine.
In a more acute experiment, Shapiro' found that in rats subjected to fasting, the administration of alcohol for a period of four days failed to spare nitrogen and, indeed, in half the animals increased nitrogen losses in the urine.
Similarly variable results have been reported in the dog. In short-term experiments, Munk' found that small amounts of alcohol spared nitrogen while large amounts increased urinary nitrogen excretion. These observa-tions were confirmed by Mendel.6 However, Chittenden7 reported that comparably large doses of alcohol spared nitrogen.
The results of studies in man have been equally contradictory, attributable, at least in part, to differences in the amount of alcohol administered, the state of nitrogen balance on the basal diet, and whether alcohol was administered as a supplement to the diet or as replacement for dietary carbohydrate and fat. In 1901 Rosemann8 reported that alcohol spared nitrogen as effectively as carbohydrate and fat. Soon thereafter Atwater and Benedict confirmed this observation, but pointed out that in certain susceptible individuals alcohol, by some pharmacological action, stimulated protein catabolism resulting in a transient increase in urinary nitrogen. In addition, they observed that alcohol reduced fecal nitrogen, an effect they attributed to more effective digestion and absorption of dietary protein.
More recently, Rice and his associates'0 found that in surgical patients maintained in slightly positive nitrogen balance by parenteral feedings, alcohol supplements enhanced nitrogen retention, but that when alcohol was substituted for glucose isodynamically, the loss of nitrogen in the urine increased, resulting in negative nitrogen balance. In contrast, Summerskill, et al reported that in a group of alcoholics with cirrhosis, in nitrogen equilibrium or in slight positive balance, alcohol had no significant effect on nitrogen balance when it was given either as a supplement to the diet or as an isodynamic substitute for dietary carbohydrate.
In the present investigation of the effects of alcohol on nitrogen metabolism in the rat, two types of experiment were carried out. In the first, animals receiving alcohol and food ad libitum were compared with pair-fed controls given an isocaloric equivalent of sucrose instead of alcohol, and in the second, the animals were tube-fed during alternating periods with and without alcohol under several different dietary conditions. The animals were grouped into four pairs, one animal of each pair receiving the experimental diet ad libitum, the other serving as a pair-fed control. Measurement of food consumption and pair-feeding were carried out on a daily basis, a preliminary period of four days being allowed for equalization of food intake. In all but three of the subsequent 28 experimental periods of four days each, the pair-fed controls consumed more than 96 per cent of the diet offered. The exceptions are indicated in Table 1 . Urine and feces were collected daily and analyzed for nitrogen in duplicate by the micro-Kjeldahl method, of Willets and Ogg." The wire-mesh floor of the cage, the glass collecting funnel, and the glass fecal deflector were thoroughly rinsed with distilled water bringing the urine to a constant volume of 50 ml. Toluene was used as a urinary preservative. Daily collections of urine and feces were stored in tightly sealed individual glass containers at minus 200 C. prior to analysis.
Following a control period of four days, a 15 per cent aqueous dilution of 95 per cent ethyl alcohol was substituted for the drinking water of the four experimental animals. The solution, which was dispensed in Richter tubes'3 to prevent significant losses by evaporation and spillage, contained 0.113 gm. of absolute alcohol and had a caloric value of 0.79 per ml., a figure based on the assumption that ethanol has a caloric value of 7 calories per gm. Alcohol consumption was measured daily. To maintain isocaloric conditions, a caloric equivalent of sucrose (0.2 gm. per ml. of alcohol solution) was added to the diet of each pair-fed control. Alcohol was administered for 21 days, following which pair-feeding without alcohol was resumed for five days. The results, which were essentially the same in each pair of animals, are summarized in Table 1 . Except as indicated in the footnote, the data tabulated represent average values for four animals in each of the seven collection periods of four days. Figure 1 illustrates the effect of alcohol on urinary nitrogen excretion in one representative pair of animals.
Urinary excretion of nitrogen rose above control values in all but one of the twenty periods of alcohol administration. In fifteen of these, urinary nitrogen increased despite a reduction in nitrogen intake. That alcohol was responsible for this effect is supported by the observation that in fifteen periods in which perfect equalization of food intake was achieved, the animals receiving alcohol invariably excreted more nitrogen than their pair-fed isocaloric controls. The increment in urinary nitrogen was evident throughout the twenty-day period of alcohol administration, and showed no consistent variation in magnitude.
Following withdrawal of alcohol, both the intake and urinary excretion of nitrogen increased. In two of the rats that had received alcohol, urinary nitrogen exceeded the control values of Period 1 despite a lower nitrogen intake in one and a negligibly higher intake in the other. Moreover, in two of the three pairs of rats in which equalization of food intake was achieved during post-alcohol Period 7, the rats previously given alcohol excreted more nitrogen than their pair-fed isocaloric controls. Although not conclusive, these data suggest that the effect of alcohol on nitrogen excretion may have been sustained for at least a brief period following alcohol withdrawal.
Fecal nitrogen excretion fell slightly below basal levels in all four animals given alcohol and remained lower than that found in their pair-fed controls.
All animals remained in positive nitrogen balance and gained weight throughout the course of the experiment, but the calculated amount of nitrogen retained diminished during periods of alcohol administration.
TUBE-FEEDING EXPERIMENT MATERIAL AND METHODS
Six rats, weighing between 350 and 400 gm. each, were housed in individual metabolism cages, urine and feces being collected daily as described in the preceding experiment. Prior to analysis, the excreta for successive three-day intervals were pooled and are hereafter designated as "urine or fecal collections." There were ten such three-day collections in the preliminary period of observation, and four or fiye in each of the ten subsequent experimental and control periods. following precipitation with 5 per cent trichloracetic acid. Fecal nitrogen was determined in duplicate by the micro-Kjeldahl method.' The animals were fed twice daily, at 9:30 A.M. and 3:30 P.M., by intubating the stomach with a Davol No. 8 French polyethylene infant-feeding tube, and slowly instilling food, or food and alcohol, as described below, with a calibrated 10 ml. syringe. To permit complete delivery of the volume expelled from the syringe without having to empty the feeding tube with air or additional water, the syringe was filled with the appropriate volume of the feeding mixture with the tube attached. Before starting the experiment, all animals were adapted to tube-feeding by instilling the experimental diet twice daily in increasing volumes over a two-week period. Early in the experiment one animal died suddenly as a result of regurgitation and aspiration of the intubation mixture, so that the results reported are based on the data obtained in the remaining five animals. One animal developed diarrhea in Period 7, so that the data for this and all subsequent periods in this animal were discarded. The remaining animals tolerated the tube-feedings remarkably well, and remained in apparent good health and without diarrhea throughout the experiment. As indicated in Figure 2 , all animals gained weight at a satisfactory rate when given an amount of food equal to that consumed by a previously studied group of ad libitum-fed rats on the same diet (Periods 1-6), but lost weight when this amount was halved (Periods 7-10). The feeding mixtures of diet and water, or diet, water, and alcohol were made up daily, homogenized in a Waring blendor, and refrigerated between feedings. In Periods 1-6 the prescribed amount of diet per feeding was administered in a total volume of 10 ml., and in Periods 7-10 in a total volume of 6.9 ml. The volume of water in each feeding was held constant, the discrepancy between the feeding-mixture volumes administered in the first and second half of the experiment being due to a difference in the amount of diet in the mixtures.
The amount of water required to yield the correct volume after homogenization of any given feeding mixture was determined by trial and error (Table 2) . After establishing the weight of an aliquot of the mixture, the constancy and uniformity of the mixture were checked daily by weighing random samples. Usually the deviations from the theoretical were less than +1.0 per cent and never exceeded ±2.5 per cent. As a further check, the mixtures were analyzed for their nitrogen content. Similarly small deviations from expected values were found.
Before undertaking a detailed investigation of nitrogen balance, a preliminary study of urinary nitrogen and creatinine excretion was carried out to ensure that the animals were adapted to the tube-feeding regimen and were excreting nitrogen at a constant rate. Considering the fact that Figure 3 , the same was true for the pooled data for successive fifteen-day periods based on the 25 determinations obtained on 5 three-day collections in each of five rats for each period. In both instances creatinine excretion showed very small but statistically significant differences. Assuming that these were attributable to losses of urine during collection, the calculated values for total nitrogen corrected for such losses still showed no statistically significant differences in successive twelve-day or fifteen-day periods. On the basis of these preliminary observations, all data in subsequent experimental periods were treated in a similar manner.
The experimental design is shown schematically in Figure 4 , and may be summarized as follows: The data obtained are summarized in Table 3 . Urinary Nitrogen. With the animals on a high intake of protein and calories, adding alcohol to the diet reduced losses of nitrogen in the urine, both when the diet contained a supplement of choline (Period 2) and when it did not (Period 4). In each instance the withdrawal of alcohol was followed by a prompt return of the urinary nitrogen to control levels (Periods 3 and 5). As illustrated in Figure 4 , the nitrogen-sparing effect of alcohol was not apparent during the first three days of alcohol administration, but was sustained thereafter for twelve days in Period 2 and for nine days in Period 4. Substituting alcohol for sucrose with no net change in caloric intake in Period 6 had no effect on urinary nitrogen excretion.
On reducing the intake of protein and calories in Period 7 there was a sharp fall in urinary nitrogen. Substituting alcohol for sucrose in the following period resulted in a prompt increase in urinary nitrogen which was sustained (Fig. 4) . Although the mean output for the entire period was not significantly greater than that of the preceding control period, it will be observed in Figure 4 that nitrogen excretion fell significantly when alcohol was withdrawn in Period 9, and then rose significantly when alcohol was administered for a second time in Period 10. As shown in Figure 4 , urinary nitrogen excretion fell progressively during control Periods 7 and 9, possibly in relation to weight loss (Fig. 2) and decreased metabolic activity. It is highly probable that this trend partially obscured the effects of alcohol in Periods 8 and 10 thus, being responsible for the fact that the mean increase in urinary nitrogen in Period 8 was not statistically significant, and that the increase in nitrogen excretion in Period 10 was not sustained (Fig. 4) .
Urinary Creatinine. The excretion of creatinine appeared to vary inversely with that of total nitrogen. Thus, when the animals were on a high intake of protein and calories, supplementing the diet with alcohol in Periods 2 and 4 led to a small but significant increase in urinary creatinine, while substituting alcohol for sucrose in Period 6 had no effect. In contrast, when the intake of protein and calories was sharply reduced, substituting alcohol for sucrose resulted in a small decrease in urinary creatinine. This was statistically significant in Period 8 but not in Period 10.
The significance of these fluctuations in creatinine excretion in terms of nitrogen metabolism is uncertain. However, even if they were attributable to variations in renal function or to inaccuracies in urine collection, their direction was such that they could not have accounted for the changes in total nitrogen excretion described above. Urinary Urea. The effects of alcohol on urea excretion paralleled those on total nitrogen excretion, but were less consistent. Thus, when the animals were on a high intake of protein and calories, supplementing the diet with alcohol reduced the output of urea in Period 4, but not in Period 2. It is noteworthy, however, that when alcohol was omitted in Period 3, urea excretion increased significantly. Although substituting alcohol for sucrose in Period 6 had no effect on total urinary nitrogen, it resulted in a significant decrease in urea excretion.
As in the case of total nitrogen, urea exretion increased significantly when alcohol was substituted for sucrose under conditions of reduced nitrogen and caloric intake (Periods 8 and 10). Although the increase was not statistically significant in Period 8, the withdrawal of alcohol in the following period resulted in a significant decrease in urea excretion.
Urinary Ammonia. When the intake of nitrogen and calories was high, alcohol had no effect on ammonia excretion whether it was given as a supplement (Periods 2 and 4) or as a substitute for dietary carbohydrate, (Period 6) . However, when the intake of protein and calories was curtailed, substituting alcohol for sucrose resulted in an increase in urinary ammonia, both in Period 8 and in Period 10.
Urinary Allantoin. During Periods 1 through 6, when nitrogen intake was relatively high, allantoin excretion remained remarkably constant, and was not affected by alcohol administration. However, it fell significantly in Period 8 and remained low thereafter. Although the decrease in allantoin excretion coincided with the administration of alcohol in Period 8, the fact that there was no increase when alcohol was withdrawn in Period 9, or fall when alcohol was given a second time in Period 10, suggests that the decline in allantoin excretion was related to the reduction in food intake that preceded it.
Urinary Amino Nitrogen. The effects of alcohol on urinary amino nitrogen excretion were inconstant. Thus, amino nitrogen increased significantly when alcohol was administered in Periods 2 and 10, but not in Periods 4, 6, and 8.
As indicated in Table 4 , the pattern of amino acids excreted was relatively constant throughout the experiment, and was not affected by alcohol. No methionine was detectable in the urine during any of the experimental periods. Since the chromatographic method of analysis employed was sensitive to 5 ,ug in a 150 pl spot, it must be assumed that if any methionine was excreted it was in amounts of less than 5 mg. per three-day period.
Urinary Protein. Qualitative tests for albumin were negative in all urine samples collected. However, micro-Kjeldahl analysis of trichloracetic acid precipitates of pooled urines from each of the animals revealed the presence of a small but significant fraction of protein nitrogen in each. The amount excreted remained relatively constant during Periods 1 through 6, but fell significantly when the intake of nitrogen and calories was reduced in Period 7. Under these dietary conditions, substituting alcohol for sucrose had inconstant effects on urinary protein, lowering the excretion in Period 8 and raising it in Period 10. "Undetermined" Urinary Nitrogen. In all but a few urine samples, the total nitrogen determined by the micro-Kjeldahl method exceeded the sum of the nitrogen values for urea, ammonia, creatinine, allantoin, amino acids, and protein. The difference which was averaged as 5 to 21 per cent of the total nitrogen in different periods, exceeded the expected cumulative errors of analysis and suggested the presence in the urine of undetermined nitrogen-containing compounds. The nature of these compounds was not investigated further.
Under conditions of a high intake of protein and calories, the alcoholinduced changes in the excretion of "undetermined" nitrogen paralleled those of total urinary nitrogen. Thus, excretion fell when alcohol was added to the diet (Periods 2 and 4), but not when it was substituted for dietary sucrose (Period 6). Although the decrease in Period 4 was not statistically significant, there was a significant increase when alcohol was withdrawn in the following period.
The results of alcohol administration on "undetermined" nitrogen excretion under conditions of a low intake of protein and calories were in-constant. Thus, substituting alcohol for sucrose had no effect in Period 8, but reduced the urinary losses of 'undetermined" nitrogen in Period 10.
Fecal Nitrogen. Alcohol reduced the losses of nitrogen in the feces in three of the four periods in which unpooled values were available for statistical analysis (Periods 6, 8, and 10) . Thus, this effect was observed at both high and low levels of protein intake.
Nitrogen Balance. With a food intake of 14 gm. daily in Periods 1 through 6, all animals remained in positive nitrogen balance and gained weight at a relatively constant weight (Fig. 2) . Under these conditions alcohol increased nitrogen storage both when it was administered as a supplement in Periods 2 and 4, and when it was substituted for sucrose in Period 6. Although the increase in Period 2 was not significant, there was a statistically significant decrease in nitrogen storage when alcohol was withdrawn in the following period.
When their food intake was reduced to 7 gm. daily, all animals lost weight and went into negative nitrogen balance (Periods 7-10). Substituting alcohol for sucrose in Periods 8 and 10 had no significant effect, but the withdrawal of alcohol in Period 9 resulted in a significant increase in nitrogen retention.
Effects of Alcohol on Partition of Urinary Nitrogen. As shown in Table   5 , the net effect of alcohol on total urinary nitrogen excretion and nitrogen balance was determined principally by changes in urea excretion, except in Period 2 where the fall in urinary nitrogen and increase in positive nitrogen balance appeared to be related to a decrease in "undetermined" urinary nitrogen.
COMMENT From the data presented it is evident that the effects of alcohol on nitrogen excretion in the rat are variable, and are influenced by several factors.
In Experiment 1, with the animals in positive nitrogen balance, ad libitum oral feeding of alcohol increased urinary losses of nitrogen despite a concomitant decrease in nitrogen intake. Yet, under similar dietary conditions* in Periods 2 and 4 of Experiment 2, when even larger amounts of alcohol** were tube-fed well mixed with the diet, urinary nitrogen excretion fell. It is reasonable to assume that this reversal of the action of alcohol from one of nitrogen-wasting in Experiment 1 to one of nitrogensparing in Experiment 2 was related to differences in experimental conditions. Of these the most important were: i) alcohol intake in Experiment 2 was approximately a third greater than in Experiment 1, ii) the intake of dietary nitrogen and calories fell below control values in Experiment I (Table 1) , but remained constant in Periods 2 and 4 of Experiment 2, iii) although the total intake of calories, including alcohol calories, was increased above control levels in both experiments, the increment was greater in Experiment 2 than in Experiment I (Table 1) , and iv) in Experiment I the animals had free access to food and alcohol at all times and ate and drank intermittently throughout the day, while in Experiment 2, food and alcohol were well mixed and administered by gastric tube twice daily. It of Experiment 1, even though the intakes of nitrogen, dietary calories and total calories were above control levels and equal to those of Periods 2 and 4 of Experiment 2 in which alcohol reduced urinary losses of nitrogen. An alternative possibility to be considered is that alcohol supplements*** spare nitrogen under conditions of positive nitrogen balance when metabolized together with other nutriments, as in Periods 2 and 4 of Experiment 2, but enhance nitrogen losses when metabolized alone, as undoubtedly occurred under the conditions of ad libitum intermittent eating and drinking in Experiment 1. Some support for this possibility is provided by the observation that alcohol increased the urinary excretion of nitrogen to a greater degree in Period 10 when alcohol and food were administered separately seven hours apart, than during Period 8 when they were administered together (Table 5 ). Also consistent are the results obtained in previously reported studies in the rat. Thus, alcohol spared nitrogen when incorporated in the basal diet in Mitchell's experiments,' but failed to do so, and indeed, often increased urinary losses of nitrogen, when fed without food in Shapiro's experiments.'
Substituting alcohol for an isocaloric equivalent of sucrose in the diet had no effect in Period 6, but enhanced urinary losses of nitrogen in Periods 8 and 10 of Experiment 2. Since the animals were in positive nitrogen balance in Period 6 and in negative nitrogen balance in Periods 8 and 10, it is possible that the nitrogen-wasting effect of alcohol, ascribed by Atwater and Benedict9 to an inconstant pharmacological action, was dependent, in part at least, upon a low dietary intake of protein. Unfortunately, the evidence on this point is not conclusive. While there was a definite increase in urinary nitrogen in Period 8 the mean for all determinations during the period was not significantly greater than that of the preceding control period. Also, in Period 10 the increase in urinary nitrogen could have been related to the fact that food and alcohol were administered separately seven hours apart, rather than that the dietary intake of nitrogen was low. One factor that may have minimized the nitrogen losses and thus obscured the nitrogen-wasting effect of alcohol in Period 8 was the tendency for the urinary output of nitrogen to decline between Periods 7 and 10, as evidenced by the striking difference between the mean values for control Periods 7 and 9 (405±31 and 318±45 mg., respectively). This probably reflected a As can be seen in Table 1 , alcohol lowered the food intake below control levels during the first two four-day collection periods of Experiment 1 and thus appeared to replace part of the diet. However, food intake returned to control levels during the three remaining four-day collection periods and total calorie intake was above control levels in all five of the four-day collection periods during alcohol administration, so that the alcohol was in this sense a dietary supplement. decrease in the demand for nitrogen associated with the progressive weight loss that followed curtailment of the diet in Period 7. Taking this factor into account together with the observation that urinary nitrogen fell sharply in Period 9 when alcohol was withdrawn, it is highly probable that the increase in urinary nitrogen in Period 8 was significant, even if it was not demonstrable statistically. If such was the case, it would be reasonable to assume that this effect was dependent upon the low intake of protein and calories, since it was not observed in Period 6 when the intake was relatively high.
On analyzing the effects of alcohol on the partition of urinary nitrogen, no distinctive pattern of response on the part of any of the fractions other than urea can be discerned. It is difficult to account for the erratic behavior of these fractions considering that the intake of food, alcohol and water, and the environmental temperature and humidity were rigidly controlled, that the experimental periods were relatively long, and that great care and uniform techniques were employed in collecting and analyzing all specimens. One factor that could not be controlled was the degree of motor activity of the animals. Judging from daily observations, this did not appear to vary either spontaneously or under the influence of changes in diet or alcohol intake. However, this aspect of the problem merits further investigation.
As in Mitchell's study,' alcohol showed a tendency to reduce fecal losses of nitrogen. It is not clear whether this was due to more effective digestion and absorption of dietary protein, or to a decrease in the intestinal secretions. Also to be considered is the possibility that alcohol affected the extent to which coprophagy occurred, and thus influenced the fecal output of nitrogen. Although the animals in these experiments were housed in raised wire-mesh metabolic cages, it is well known that this conventional method of preventing coprophagy is ineffective.l'
The data presented shed no light on the metabolic factors involved in alcohol-induced changes in nitrogen excretion. However, it is evident that they are not dependent upon the previously described relative deficiency of choline that alcohol induces,1" since large supplements of choline neither affected nitrogen-sparing in Period 2 nor abolished nitrogen-wasting in Periods 8 and 10 of Experiment 2.
In a previous reporte it was shown that in weanling rats it requires a choline supplement of 0.08 per cent of the diet to meet the increased demand for choline induced by alcohol. More recently it has been found that 3 mole equivalents of methionine are equally effective.l' Accordingly, if alcohol induces a relative choline deficiency by increasing losses of methionine in the urine, the animals in Experiment 2 receiving 14 gm. of diet would have had to excrete approximately 35 mg. of methionine daily to account for such a deficiency. Taking into account the possibility that the methionine requirement may be very much lower in adult rats than in weanlings and that the analytical method employed may have failed to detect traces of methionine, the fact that the amount excreted could not have been as much as 2 mg. per day makes it highly improbable that alcohol induces a relative deficiency of choline by increasing losses of methionine in the urine.
SUMMARY
The effects of alcohol on nitrogen excretion in the rat have been investigated in animals on an ad-libitum intake of food and 15 per cent alcohol, on pair-fed animals given an isocaloric equivalent of sucrose in lieu of alcohol serving as controls, and also in tube-fed animals given food alone or food mixed with alcohol in alternating periods under varying dietary conditions. The data obtained suggest that supplementing the diet with alcohol spares nitrogen by reducing urinary losses of nitrogen, especially urea when the alcohol is tube-fed together with food, but increases urinary losses of nitrogen when the alcohol and food are ingested intermittently and presumably separately. The data also suggest that substituting alcohol for an isocaloric equivalent of sucrose in the diet has no effect under conditions of positive nitrogen balance, but increases nitrogen losses in the urine under conditions of negative nitrogen balance. In addition, alcohol tends to reduce fecal losses of nitrogen. The effects of alcohol on motor activity and coprophagy are two possible complicating factors not controlled in these experiments, and they require further study.
